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A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM 
THE MAILING DATE OF THIS COMMUNICATION ( ' 

■ .nnoevent.howeve^aya.p.v.eti^^ 

- FaHure to reply wrthin the set or extended period for reply will, b/Satute, cau^K commumcation. 

Status 

1 )M Responsive to communication(s) filed on 25 March 2002 . 
2a)D This action is FINAL. 2b)H This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 
closed in accordance with the practice under Ex parte Quayle, 1 935 C D 1 1 453 O G 213 

Disposition of Claims ' 

4) ^ Claim(s) 1-39 is/are pending in the application. 
4a) Of the above claim(s) 15-39 is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) I3 Claim(s) _M4 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) Q Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

1 0) E The drawing(s) filed on 30 April 2001 is/are: a)H accepted or b)D objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

1 1) D The proposed drawing correction filed on is: a)D approved b)D disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12) D The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C. §§119 and 120 

1 3) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 1 9(a)-(d) or (f). 
a)dAII b)D Some*c)D None of: 

1 .□ Certified copies of the priority documents have been received. 
2.D Certified copies of the priority documents have been received in Application No 



3.D Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17 2(a)) 
* See the attached detailed Office action for a list of the certified copies not received. 

14) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 1 19(e) (to a provisional application), 
a) □ The translation of the foreign language provisional application has been received 

15) U Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 
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DETAILED ACTION 
Election/Restrictions 
1 Restriction to one of the following inventions is required under 35 U.S.C. 121 : 

I. Claims 1-14, drawn to an electron emitter, classified in class 3 13, subclass 311. 

II. Claims 1 5-39, drawn to the method of producing an electron emitter, classified in 
class 445, subclass 51. 

The inventions are distinct, each from the other because of the following reasons: 

2. Inventions I and II are related as process of making and product made. The inventions 
are distinct if either or both of the following can be shown. (1) that the process as claimed can be 
used to make other and materially different product or (2) that the product as claimed can be 
made by another and materially different process (MPEP § 806.05(f)). In the instant case the 
product as claimed can be made by the materially different process of vapor deposition of layers 
without the need for anodizing the interface surface in hydrofluoric acid. 

3. Because these inventions are distinct for the reasons given above and have acquired a 
separate status in the art as shown by their different classification, restriction for examination 
purposes as indicated is proper. 

4. Because these inventions are distinct for the reasons given above and have acquired a 
separate status in the art because of their recognized divergent subject matter, restriction for 
examination purposes as indicated is proper. 

5. During a telephone conversation with Trueman Denny on 4/1 5/03 a provisional election 
was made without traverse to prosecute the invention of Group I, claims 1-14. Affirmation of 
this election must be made by applicant in replying to this Office action. Claims 15-39 are 
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withdrawn from further consideration by the examiner, 37 CFR 1.142(b), as being drawn to a 
non-elected invention. 



Claim Rejections - 35 USC § 103 

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

7. Claims 1-3, 5-9, and 12-13 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over U.S. Patent No. 5,990,605 to Yoshikawa in view of U.S. Patent No 5,296,388 to 
Kameyama. 

Regarding Claim 1, Yoshikawa discloses an electron emitter that comprises an electron 
injection layer (Figure 2, #12) including a front-side surface and a back-side surface; an active 
layer of high porosity porous silicon material (#13 a) in contact with the front-side surface; a 
contact layer of low porosity porous silicon material (#13b) in contact with the active layer and 
including an interface surface. Yoshikawa fails to exemplify that there should be an n-type 
heavily doped region extending inward of the interface surface wherein the n-type heavily doped 
region is characterized by a low resistivity as claimed in Claim 1 . 

Regarding Claim 2, Yoshikawa further discloses that the electron injection layer should 
comprise an electrically conductive material selected from the group consisting of a n+ 
semiconductor, n+ single crystal silicon, an electrically conductive silicide, an electrically 
conductive nitride, a metal, and a layer of metal on a glass substrate (Column 5, Lines 59-62). 
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Regarding Claim 3, Yoshikawa further discloses that the n+ single crystal silicon should 
include a crystalline orientation selected from the group consisting of a 100 crystalline 
orientation and a 1 1 1 crystalline orientation (Column 6, Lines 13-17). 

Regarding Claim 5, Yoshikawa further discloses that the back-side surface of the electron 
injection layer should include an ohmic contact (#1 1). 

Regarding Claim 6, Yoshikawa further discloses that the ohmic contact should be made 
from a material selected from the group consisting of gold, a gold alloy, platinum, a platinum 
alloy, aluminum, an aluminum alloy, a multilayer of metal, tantalum on top of gold, and 
chromium on top of gold (Column 7, Lines56-57). 

Regarding Claim 7, Yoshikawa further discloses that there should be a top electrode in 
contact with the interface surface (#15). 

Regarding Claim 8, Yoshikawa further discloses that the top electrode should be made 
from an electrically conductive material selected from the group consisting of gold, a gold alloy, 
aluminum, an aluminum alloy, tungsten, a tungsten alloy, platinum, and a platinum alloy 
(Column 7, Lines 32-38). 

Regarding Claim 9, Yoshikawa fails to exemplify that the contact layer of low porosity 
porous silicon material and the active layer of high porosity porous silicon material should be a 
material selected from the group consisting of porous epitaxial silicon, porous polysilicon, 
porous amorphous silicon, and porous silicon carbide. 
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Regarding Claim 12, Yoshikawa fails to exemplify that the porous polysilicon should be 
selected from the group consisting of n- porous polysilicon, p- porous polysilicon, and intrinsic 
porous polysilicon. 

Regarding Claim 13, Yoshikawa fails to exemplify that for the n- porous polysilicon and 
the intrinsic porous polysilicon, the n-type heavily doped region of the contact layer includes a 
dopant material selected from the group consisting of arsenic, phosphorus, and antimony. 

Kameyama in an alternate electron emitter teaches that there should be an n-type heavily 
doped region extending inward of the interface surface (Column 8, Lines 20-22) in order to 
improve the emissivity of the emitter. Kameyama also teaches that the contact layer and the 
active layer material should be selected from the group consisting of porous epitaxial silicon, 
porous polysilicon, porous amorphous silicon, and porous silicon carbide, wherein the porous 
polysilicon should be selected from the group consisting of n- porous polysilicon, p- porous 
polysilicon, and intrinsic porous polysilicon and for the n- porous polysilicon and the intrinsic 
porous polysilicon, the n-type heavily doped region of the contact layer includes a dopant 
material selected from the group consisting of arsenic, phosphorus, and antimony in order to 
improve the emissivity of the emitter (Figure 3 teaches of implanting ions of arsenic into the 
surface of porous poly-silicon #114 making it n-type). 

It would have been obvious to a person having ordinary skill in the art at the time the 
invention was made to combine the n- porous poly-silicon layer with its surface embed with 
arsenic ions taught by Kameyama with the electron emitter of Yoshikawa in order to improve the 
emissivity. 



ItfftjlJ 
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8. Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over U.S. Patent No. 
5,990,605 to Yoshikawa in view of U.S. Patent No 5,296,388 to Kameyama and further in view 
of U.S. Patent No. 5,527,730 to Kayaoka. 

Yoshikawa in view of Kameyama teaches the invention of Claims 1 and 2 as described 

above. 

Yoshikawa in view of Kameyama fails to exemplify that the electrically conductive 
silicide should be selected from the group consisting of a titanium silicide and a platinum 
silicide, and the electrically conductive nitride should comprise a titanium nitride. 

Kayaoka teaches that titanium silicide and titanium nitride are useful for their electron 
donative properties (Column 23, Lines 39-48). 

It would have been obvious to a person having ordinary skill in the art at the time the 
invention was made to use the titanium nitride or titanium silicide taught by Kayaoka as the 
electron injection layer of Yoshikawa in view of Kameyama in order to take advantage of their • 
superior electron donative properties. 



9. Claims 10 and 1 1 are rejected under 35 U.S.C. 103(a) as being unpatentable over U.S. 
Patent No. 5,990,605 to Yoshikawa in view of U.S. Patent No 5,296,388 to Kameyama and 
further in view of U.S. Patent No. 4,007,474 to Yagi. 
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Yoshikawa in view of Kameyama teaches the invention of Claims 1 and 9 as described 

above. 

Regarding Claim 10, Yoshikawa in view of Kameyama fails to exemplify that the porous 
epitaxial silicon should be a material selected from the group consisting of n- porous epitaxial 
silicon, p- porous epitaxial silicon, and intrinsic porous epitaxial silicon. 

Regarding Claim 1 1, Yoshikawa in view of Kameyama fails to exemplify that the n-type 
heavily doped region of the contact layer should include a dopant material selected from the 
group consisting of arsenic, phosphorus, and antimony. 

Yagi teaches that n- porous epitaxial silicon doped with antimony has excellent electron 
emissive properties (Column 3, Lines 1-7 and Lines 16-21). 

It would have been obvious to a person having ordinary skill in the art at the time the 
invention was made to use the n- porous epitaxial silicon doped with antimony taught by Yagi as 
the contact layer and the active layer of Yoshikawa in view of Kameyama in order to take 
advantage of their superior electron emissive properties. 



10. Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over U.S. Patent No. 
5,990,605 to Yoshikawa in view of U.S. Patent No 5,296,388 to Kameyama and further in view 
of U.S. Patent No. 5,319,220 to Suzuki. 

Yoshikawa in view of Kameyama teaches the invention of Claims 1 and 9 as described 

above. 
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Yoshikawa in view of Kameyama fails to exemplify that for the porous silicon carbide, 
the n-type heavily doped region of the contact layer should include a dopant material selected 
from the group consisting of nitrogen, phosphorus, and vanadium. 

Suzuki teaches that for porous silicon carbide, the n-type heavily doped region of the 
contact layer can include a dopant material selected from the group consisting of nitrogen, 
phosphorus, and vanadium in order to effectively emit electrons (Column 4, Lines 12-18). 

It would have been obvious to a person having ordinary skill in the art at the time the 
invention was made to use the dopant material in the silicon carbide as taught by Suziki as the 
contact layer of Yoshikawa in view of Kameyama in order to effectively emit electrons. 



Conclusion 

1 1 Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jason Phinney whose telephone number is (703) 305-3999. The 
examiner can normally be reached on M-F 7:30-4:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nimesh Patel can be reached on (703) 305-4794. The fax phone numbers for the 
organization where this application or proceeding is assigned are (703) 308-7382 for regular 
communications and (703) 872-93 19 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is (703) 308-0956. 
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